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Introduction
Metal casting is a mature industry that is important to the US economy.
The estimated metal casting industry shipments reached 12.2 million tons in 2001,
with sales valued at $ 18.3 billion (US Census Bureau, 2000a , 2002b . As a solid byproduct of metal casting operations, around 9 million metric tons of waste foundry sand (WFS) were disposed annually (Winkler and Bol'shakov, 2000) . As a result, economic and environmental concerns dominate the issue of WFS disposals. The current practice of WFS disposal in landfills is becoming an economic burden for foundries and municipalities as landfills close and regulations grow stricter. One of the solutions is to develop potential beneficial applications Lovell, 1996, 1997; Naik et al., 2001 ) of WFS.
The environmental characteristics, mainly chemicals in dry-weight and leaching characteristics, of WFS are essential in understanding the environmental impact or toxicity, rational disposal and potential development of beneficial applications of this solid industrial waste. Knowing environmental characteristics of WFS, scientists and engineers are able to make a decision between beneficial reuse, reclamation or waste disposal with respect to WFS destinations. In addition to the benefit concerned with end-application issues, global environmental characteristics of WFS may provide considerable savings. Chemical analysis is a necessity to determine the nature of the material as well as whether the waste will present an environmental threat or benefit. The cost of analyzing the waste can be significant depending on the number of waste streams to be characterized, the number of samples to be tested, the degree of material segregation, the frequency of testing and the number of parameters to be analyzed. Through understanding the environmental characteristics of WFS, the analyzing cost is minimized by identifying densely-detected and over-threshold analytes, eliminating or reducing measurements for non-existent analytes and adjusting analyzing frequency.
Generally, environmental characteristics of a solid waste consist of characterizations of microorganisms, disinfection byproducts, disinfectants, inorganic chemicals, organic chemicals and radio nuclides considering its potential impact to drinking water or underground water. While scatter plot is a definitely useful aid in observing data variation, to quantify data bodies and prove their variation among independent waste streams cannot be addressed by observing a scatter plot. Statistical methodology is required to handle data bodies and to obtain statistical implications. BDL
qualifiers become barriers to readily analyze datasets. When an element is not present at the lowest reliable metric of the instrument it is referred to as BDL.
Measurements of BDL occur due to instrument quality, testing methods and local regulations and happen frequently in environmental monitoring data as herein. It was proved (Kaplan and Meier, 1958) Accordingly, it is inferred that mean concentrations of metallic chemicals are related to casting operations, specifically its raw feed materials. Reclamation with respect to Fe is suggested as it exists at averagely high levels (1.1% and 6%) in WFS from iron/steel-based operations.
[Insert Table 2] Median represents the middle value of an ordered set of numerical data.
One half of all data is below this value, while one half have a higher value. The median also is known as the 50 th percentile which is readable from a survival function. The advantage in using the median is that it is not affected as much by extreme highs or lows in the range of values as is the case with the mean and thus better represent a middle level of environmental monitoring data as herein. Table   3 shows median estimations of pH values and metallic chemicals of WFS at dry-weight basis. Most median values are less than corresponding mean values shown in Table 2 , which is ascribed to the lognormal-shape distribution as shown in Fig. 1 . Denser observations tend to concentrate at lower levels. As a result, the observation in the middle is more close to zero than the mean. From Table 3 , median variation among casting operations is not as significant as that of mean, which suggests the existence of extreme highs. Thus, to avoid a biased implication caused by extreme or isolated observations which may be errors incurred by incorrect analyzing operations or inappropriate sampling, median is superior to mean to indicate the middle levels. In the circumstance that both mean and median of chemicals are high regarding a casting operation, such as Cu, Pb and Zn for copper-based facilities, and Mn for iron/steel-based facilities, it is sound to advise that these chemicals are related with casting operations.
[Insert Fig. 2 , is used to run comparisons between data bodies relating independent casting operations and to implicate effect of casting operations.
Selected comparison results are shown in Table 5 . It is inferred that casting operation is not a significant factor regarding most metallic chemicals at dry-weight basis. The exceptions are Fe, Mn and Ni which tend to be higher in WFS from iron/steel-based facilities, and Cu, Pb and Zn which tend to be more contaminated in WFS from aluminum/copper-based facilities. Casting operation effects regarding these chemicals are attributed to the raw feed nature aforementioned.
[Insert Table 5] Besides the metallic chemicals contaminated in dry-weight WFS, nonmetallic chemicals play an important role in depicting environmental characteristics and hazardous threats of WFS. [Insert Table 6] Organic chemicals in WFS at dry-weight basis are detected and quantified as shown in Table 7 , although it is generally thought that organic binders are burned or shaken away in the casting operations and that their remains or decompositions do not exist or present at negligible levels. It is found that most organic chemicals are reported as BDL qualifiers in collected datasets. The remaining quantified organic levels at dry-weight basis suggest the necessity of a leaching program. In RCRA, the regulated organic chemicals include benzene, o-cresol, m-cresol and p-cresol with toxicity thresholds 500 ug/kg for the first one and 200000 ug/kg for the last three. One twentieth of their corresponding levels in Table 7 is far less than thresholds.
[Insert Table 7 ]
Leaching characteristics of WFS
Leaching characteristics is the only channel assessing the toxicity of a solid waste and thus judging its hazardous threats to human health or the environment. To assess its toxicity, WFS is subjected to a leaching procedure to collect its leachate, which indicates the volume seepaging into surrounding Comparisons run between results in Table 8 and one twentieth of corresponding results in Table 2 and Table 3 indicate the leachability of metallic chemicals. It is inferred that analytes including As, Ba, Cr and Se is fully extracted by TCLP and that the remaining analytes are partly extracted. Extreme high observations may lead to a significant inconsistency between median and mean, such as Cr concentration of steel-based WFS 1664.1 mg/kg (Table 2 ) and its TCLP concentration (Table 8) . It is to note that the leachability not only is related with the absorption of analytes to particles, the reactivity of analytes with extraction fluid, but also affected by the existing forms of analytes, either attached to particle surface or (naturally) embedded into particle mineral composition. If an element is mostly and substantially embedded or crystallized in the molecular structure rather than absorbed to the particle surface, the dry-weight analysis will detects its complete content, but the leaching program only extracts the absorbed one, a minimum part of full element.
[Insert Table 8] Comparisons between data bodies associated with independent leaching protocols are performed using the KS testing technique. These comparisons are based on the data distributions rather than point values and may indicate the effects of leaching protocols. Results are shown in [Insert Table 9 ] (Table 7) and leaching chemicals (Table 11 ) may indicate the leachability of organic chemicals.
Comparable chemicals include phenol, oil/grease and total petroleum hydrocarbon, contents of which indicate partial extractions of these chemicals.
[Insert This finding is consistent with the finding aforementioned with respect to casting operation effects on dry-weight chemicals. It is inferred that casting operation is not a significant factor regarding most metallic chemicals in TCLP leachates.
[Insert Table 12 ] Tables   Table 1: Operation criteria of TCLP, SPLP and ASTM D3987 .24 11 "-" result not available. 
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